This paper examines the association between the default risk of foreign bank subsidiaries and their parents during the global financial crisis, with the purpose of understanding what factors can help insulate affiliates from their parents. The paper finds evidence of a significant positive correlation between parent banks' and foreign subsidiaries' default risk. This correlation is lower for subsidiaries that have higher capital, retail deposit funding, and profitability ratios and that are more independently managed from their parents. Host country regulations also influence the extent to which shocks to the parents affect the subsidiaries' default risk. In particular, the correlation between the default risk of the subsidiary and the parent is lower for subsidiaries operating in countries that impose higher capital, reserve, provisioning, and disclosure requirements and tougher restrictions on bank activities.
1.

Introduction
Since the late 1990s, the importance of multinational banks has grown dramatically.
Between 1999 and 2009 the average share of bank assets held by foreign banks in developing countries rose from 26 percent to 46 percent. 1 The bulk of the pre-global crisis evidence analyzing the consequences of this significant transformation in bank ownership suggests that foreign bank participation brought many benefits to developing countries, especially in terms of bank competition and efficiency. 
2
Rather than focus on how parent banks transmit shocks to their affiliates through the lending channel, this paper explores the association between parent banks' and subsidiaries' default risks during the recent crisis. More specifically, we examine whether an increase in the default risk of a parent bank is positively correlated with a similar rise in its foreign subsidiaries' default risk. By focusing on the correlation between the default risk of parents and subsidiaries, we believe that we are answering a more fundamental question regarding the role of foreign banks in transmitting shocks, since default risk is a broader, more forward looking concept that is more intrinsically related to financial stability.
We also examine the factors that dampen or amplify the correlation between parent banks' and foreign subsidiaries' default risks. In particular, we examine the role of subsidiary financial characteristics (such as capital and funding structure) and the impact of host country bank regulations (e.g., pertaining to bank capital, reserve requirements, bank activities, etc.). The question of how host regulators can limit the transmission of shocks to the affiliates of foreign banks that operate in their country is related to the recent discussion on ring-fencing (see Song, 2004; Cerutti et al., 2010; Cerutti and Schmieder, 2014; D'Hulster, 2014) . In cross-border banking, ring-fencing refers to restrictions (whether regulatory or supervisory) on internal transfers of banks' capital, liquidity, and profitability across jurisdictions within the same international banking group. To our knowledge, this is the first paper to examine the impact of subsidiary characteristics and host country regulations in limiting the association between the default risk of a parent and its subsidiaries.
We use data for 93 publicly listed foreign bank subsidiaries, operating in 36 host developing countries and owned by 41 parent bank groups, headquartered in 24 home countries, during the period from September 2008 to December 2009. We estimate the weekly correlation 3 between parents' and subsidiaries' distance to default and investigate the factors that affect this correlation. Distance to default, which is based on Merton's (1974) structural credit risk model, is the difference between the market asset value of the bank and the face value of its debt, scaled by the standard deviation of the bank's asset value. Hence, distance to default is inversely related to default risk. Our focus on developing countries as hosts of foreign bank subsidiaries is driven by the fact that these countries were not at the core of the global financial crisis, allowing us to better identify factors that might help insulate affiliates from their parents potentially in trouble.
Our empirical findings show that a subsidiary's distance to default is significantly correlated with the parent bank's distance to default, even when we account for the distance to default of other banks and firms in the home and host countries, as well as for global factors that may influence subsidiaries' distance to default. This finding is robust to the sample of banks considered and to the way we calculate the distance to default measure. Also, we find that certain subsidiary characteristics influence the correlation in the distance to default between subsidiaries and parents. In particular, this correlation is lower for subsidiaries that have higher capital, retail deposit funding, and profitability ratios and for subsidiaries that are more independently managed from their parents. Finally, the regulatory regime in place in the host countries also affects the extent to which shocks to the parents' distance to default influence subsidiaries. In particular, the correlation between the distance to default of the subsidiary and the parent is lower for subsidiaries operating in host countries that impose higher capital, reserve, provisioning and disclosure requirements and tougher restrictions on bank activities.
The rest of the paper is structured as follows. Section 2 describes our data. Section 3 details the empirical methodology we use to (a) calculate the distance to default of parent banks 4 and their subsidiaries, (b) estimate the correlation between the distance to default of the parents and their subsidiaries, and (c) investigate the factors that affect the correlation between the default risk of parent banks and subsidiaries. Section 4 presents results from our econometric analysis. Section 5 concludes.
Data
We assembled an original and extensive database of stock market prices and balance sheet characteristics for both publicly traded parent banks and their publicly traded subsidiaries in developing countries. Our sample consists of 93 publicly listed foreign subsidiaries, operating in 36 host developing countries and owned by 41 parent bank groups, headquartered in 24 home countries. Our period of analysis is the peak of the global crisis: from September 2008 to December 2009. Table 1 presents a list of all the parent and subsidiary banks we consider in our analysis.
Even though the presence of foreign banks has increased in recent decades, the final sample of subsidiaries that we were able to include in the analysis is smaller as the result of two constraints. First, most foreign subsidiaries are not listed in the stock market, since they are privately held. 3 Second, of the ones that are listed in host countries' stock markets, there are several cases that are not traded often, since parent banks control most shares (e.g., 98 percent or more ownership). In this context, we identified about 167 banks in about 44 host countries where foreign banks held important ownership stakes, but we found enough information for only 93
cases. The median ownership stake in the sample is about 61 percent. 4 The limitations to 3 As a robustness check, we extend the analysis to non-traded banks following the approach outlined in Falkenheim and Pennachi (2003) . See section 4.1 and Table 7 . 4 In 28 of the 93 foreign subsidiaries included in the sample, the identified parent banks seem to directly control less than 50 percent of the shares. We include them in the analysis because the identified parent banks are portrayed as 5 fulfilling the necessary data requirements for our analysis do not seem to bias the representation of the final sample, which covers 36 host countries. The data set used in the analysis also includes stock market prices for all other banks and firms in the home and host countries that are used to construct default risk control variables in the regressions.
We use daily stock market information from Compustat Global for international banks and firms and stock market information from CRSP for U.S. banks and firms. 
Empirical Methodology
Computing distance to default measures between parents and subsidiaries
Our measure of default risk is the distance to default that comes from the structural credit risk model of Merton (1974) . Distance to default is computed as the difference between the 8 market asset value of the bank and the face value of its debt, scaled by the standard deviation of the bank's asset value. 7 In the Merton (1974) model, the market equity value of a bank is modeled as a call option on the company's assets:
In equation (1), V E is the market value of a bank's equity. V A is the market value of the bank's assets. X is the face value of debt maturing at time T. 8 r is the risk-free rate and Div is the dividend rate expressed in terms of V A . s A is the volatility of the value of assets, which is related to equity volatility (S E ) through the following equation:
We simultaneously solve the above two equations to find the values of V A and s A . We use the market value of equity for V E and total liabilities to proxy for the face value of debt X. Since the accounting information is on an annual basis, we linearly interpolate the values for all dates over the period, using beginning and end of year values for accounting items. The interpolation method has the advantage of producing a smooth implied asset value process and avoids jumps in the implied default probabilities at year end (Bartram et al., 2007) . s E is the standard deviation of daily equity returns over the past 3 months. In calculating the standard deviation, we require each bank to have at least 45 non-missing daily returns over the previous three months. T equals one year. r is the one year US treasury yield, which we take to be the risk free rate. We use the (2008) and assign asset return m to be equal to the equity premium (6%). 9 Merton's distance to default (dd) is finally computed as:
As a robustness check, we compute two alternative measures of Merton's distance to default: (a) a simplified version of the Merton formula applied to the sample of listed subsidiaries and (b) a synthetic 'market comparable' measure to extend the analysis to the sample of non-listed subsidiaries. The simplified approach follows Byström (2006) and does not rely on distributional assumptions and makes the default risk less sensitive to the leverage ratio at very high levels equity volatility. Byström (2006) shows that, when applied to a sample of US firms, the simplified model provides the same relative default risk rankings as the Merton model. 11 The simplified formula we use is given by:
The synthetic 'market comparable' measure follows Falkenheim and Pennachi (2003) .
We use publicly traded banks to identify a statistical relationship between accounting variables (which are available for all banks) and the two key variables that feed into the structural credit risk calculation of the Merton model, namely, market leverage and volatility of asset returns. We then use these statistical relationships and the accounting information to compute market leverage and asset return volatility for all non-publicly traded banks. The key assumption of this methodology is that non-public banks would have on average the same credit risk profiles conditional on observable accounting variables as publicly listed banks. Appendix 1 provides a detailed explanation of the methodology. This approach has two limitations. First, there could be a selection bias in the estimation of credit risk for non-publicly traded banks. Since publicly traded banks can be significantly different than non-publicly traded banks along a number of dimensions, the relationship between credit risk and observable accounting variables may not be the same for non-traded banks. Second, we are interested in correlations and use weekly estimates of credit risk for subsidiary banks and their parents. There may not be enough timeseries variation in the weekly coefficient estimates from cross-sectional regressions of publicly traded banks and the observable accounting variables.
Estimating the size and determinants of the correlation between parents and subsidiaries
To examine the correlation between the foreign bank parents' and their subsidiaries' changes in distance to default, we estimate equation (5) below:
where ∆ _ , is the weekly change in distance to default of the subsidiary i in week t;
, is the weekly change in distance to default of the parent of subsidiary i;
and _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and home or parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. ∆ is the change in interest rate spread between Bbb and Aaa rated companies and is included to capture innovations in the default risk premium. ∆ is the weekly change in the VIX volatility index. This variable is included to capture innovations in macro volatility that affect all banks in our sample. We also include subsidiary fixed effects, , to control for time invariant heterogeneity across subsidiaries.
Since we are interested in uncovering factors that may amplify or dampen the correlation between the foreign bank parents' and their subsidiaries' changes in distance to default, we include firm level characteristics and country level regulations in the regression specified in (5) and interactions of these variables with ∆ _ , . In particular, we estimate equation (6) below: On average, we expect to find a positive correlation between foreign banks' subsidiaries and parent banks' distance to default, after controlling for country level averages in the distance to default of all companies in the home and host countries and for global factors such as the VIX index. In other words, we expect that the financial health of the parent will be associated with that of the subsidiary. How large this correlation will be is an empirical question that we hope to address.
A number of theoretical papers emphasize the role of capital, profitability, asset liquidity and funding structure as potential buffers in absorbing liquidity and economic shocks (Allen and Gale, 2000; Repullo, 2004; Von Thadden, 2004; Diamond and Rajan, 2005; Cifuentes et al., 2004) . We expect that the correlation between the distance to default of the subsidiary and the parent will be higher for more fragile foreign subsidiaries (i.e., those lacking the means to absorb shocks at the beginning of the crisis). At the same time, we expect the correlation between the subsidiary and the parent to be lower for subsidiaries operating in countries where the regulatory authorities impose tighter regulatory regimes, which de jure or de facto help to ring fence the foreign subsidiary from a parent in distress.
We also explore the importance of two measures of distance/proximity between the subsidiary and the parent: geographical distance (log of distance, measured in kilometers, between the parent/home country and the host country) and cultural proximity (as measured by whether the subsidiary and the parent have a common official language) 12 . A priori, we expect geographical distance to reduce the correlation between the parent and subsidiary distance to default, since geographically distant subsidiaries may be less integrated into the parent group and the parent bank might find it difficult to exercise control over the local management of the subsidiary (Rajan, Servaes, and Zingales, 2000; de Haas and van Horen, 2013) . When it comes to cultural proximity, the impact might be more ambiguous. On the one hand, cultural distance might operate like geographical distance and reduce the correlation between subsidiaries' and parents' default risk because more distant subsidiaries might be harder to monitor. On the other hand, cultural proximity might reduce the correlation between subsidiaries and parents if these subsidiaries are granted more independence because the parent is more comfortable decentralizing some control when it is more familiar with the culture and business environment in the host country. influence these variables, we turn next to our empirical estimations that control for global factors and for changes in the distance to default of all firms operating in the corresponding parent and host countries. Table 4 shows that foreign bank subsidiaries' distance to default, calculated following Merton's model, is significantly correlated with parent banks' distance to default, even when we control for the average distance to default among all companies in the home and host countries, 13 Related to the idea that cultural proximity might result in better treatment for some subsidiaries, Giannetti and Yafeh (2012) show that cultural proximity affects financial contracts in a large dataset of international syndicated bank loans. For example, they find that lead banks offer larger loans at a lower interest rate to more culturally close borrowers.
Results
The correlation between the parent and subsidiary distance to default
14 respectively, and when we account for global factors like the VIX and the corporate credit spread. The correlation in the distance to default between foreign subsidiaries and their parents varies between a maximum of 0.45, when no other variables are added, and a minimum of 0.27 when we include all controls. This correlation is not only statistically and economically significant, but also it is almost twice as large as the correlation of the distance to default of the foreign subsidiaries vis-à-vis all companies in the home and host countries.
We conduct three variants of Table 4 as robustness checks. First, we show the same estimations as in Table 4 , but excluding some parents banks which own many of the subsidiaries in our sample (see Table 5 ). We find that the estimates of the association between the distance to default of foreign bank subsidiaries and their parents do not change much when we exclude parent banks with multiple subsidiaries. The correlation varies only between 0.26 and 0.29.
Second, we repeat the types of estimations shown in Table 4 , but using the simplified measure of distance to default proposed by Byström (2006) . As shown in Table 6 , the correlation between foreign subsidiaries and their parents is highly significant and ranges between 0.2 and 0.3.
Finally, Table 7 shows the correlation between subsidiaries' and parents' synthetic 'market comparable' measure of distance to default following Falkenheim and Pennachi (2003) . These regressions are done for the 310 foreign subsidiaries (both listed and unlisted) that operate in the host countries in our sample. In this case, the correlations between subsidiaries and parents continue to be significant, but are smaller in size, ranging from almost 0.09 to 0. Table 8 explores how subsidiary characteristics affect the association between the Merton distance to default of foreign bank subsidiaries and that of their parents. We find that the parent bank's distance to default has a smaller impact on the subsidiary's distance to default when subsidiaries have higher capital, deposit funding, and profitability ratios. Also, the association between the parent and the subsidiary distance to default is lower for countries that are physically distant or culturally closer. Most of these results survive even when we combine all variables together as in column 8.10.
How should we interpret the significance of geographical distance and cultural proximity? We view geographical distance and cultural proximity as proxies for more independent management of the subsidiary from its parents. Though, we are unable to conclusively confirm this hypothesis, we are able to offer some suggestive evidence for a subset of banks. In particular, for 47 subsidiaries, using information obtained from banks' annual reports, we were able to construct a proxy for subsidiary management independence from the parent: the share of declared independent board members (i.e., ratio of members identified as being independent because they own no or a small number of shares in the bank, are not clients or suppliers of the bank and do not have family members working in the bank). The share of independent board members interacted with the parent distance to default is positively and significantly correlated with the interaction of parent distance to default with the measures of geographical distance and cultural proximity: the correlation is 0.92 with geographical distance and 0.65 with cultural proximity. Hence, we interpret the negative interaction of the geographical distance and cultural proximity measures with the distance of default of the parent as suggestive of the fact that more independently managed subsidiaries exhibit a lower correlation between the measures of distance to default of the subsidiaries and parents. Table 9 shows estimations allowing for threshold effects in the impact of subsidiary characteristics on the association between distance to default of foreign subsidiaries and their parents. Rather than interact the aforementioned correlation with continuous measures of affiliate characteristics, we use a dummy which equals one for those affiliates whose characteristics rank above the median. We find that for subsidiaries with capital, deposit funding, provisions, and geographical distance above the median, the correlation between the subsidiaries' and the parents' distance to default is lower. In particular, holding everything else constant, for subsidiaries with low capital ratios (i.e., those below the median) the correlation between the subsidiary and the parent distance to default equals 0.37, while for those above the median the correlation falls to 0.25. We find similar effects when comparing subsidiaries above and below the median funding and profitability ratios, as well as for those above and below the median geographical distance. Table 10 allows us to corroborate the significance of subsidiary characteristics (except for the capital ratio) even when we control for host country dummies and parent distance to default interactions, which are included but not reported. These interactions are intended to account for any host country factors that can mitigate the impact of the parent distance to default. As before, we find that for subsidiaries that have higher retail deposit funding ratios and that are culturally closer to the parent, the correlation between the subsidiaries' and the parents' distance to default is lower. Table 12 repeats the estimations of Table 11 but controlling for the specific subsidiary characteristics and variables that we found to be significant in Table 8 . Even though our sample is reduced significantly when we do this, none of the results regarding the impact of host country regulations change. We continue to find that in host countries where regulators impose greater disclosure, capital, reserve, and provisioning requirements and where the range of activities banks can undertake is more limited, parent banks' distance to default has a smaller impact on the subsidiaries' distance to default.
Conclusions
While many papers have examined how foreign bank parent conditions affect lending by their overseas subsidiaries, this paper is the first to analyze the correlation between parents' and 15 We have also conducted estimations looking separately at restrictions on specific bank activities such as securities, investments, and real estate and have found that regulations restricting banks' ability to engage in securities underwriting are the most significant in terms of lowering the correlations between the subsidiary and parent distance to default.
subsidiaries' default risk.
More importantly, we also analyze the subsidiary characteristics and policies that can dampen or amplify this correlation. These issues are important because they allow host countries to assess how exposed they are to shocks affecting multinational banks and what factors can help reduce this exposure.
Our analysis shows that there is a statistically and economically significant positive correlation between parents' and subsidiaries' distance to default. This finding is robust to the sample of banks considered and to the way we calculate the distance to default. Also, we find that certain subsidiary characteristics influence the correlation in the distance to default between subsidiaries and parents. In particular, this correlation is lower for subsidiaries that have higher capital, deposit funding and profitability ratios and that are more independently managed from the parent. Finally, the regulatory system in place in the host country also influences the extent to which shocks to the parents' distance to default influence subsidiaries. In particular, the correlation between the distance to default of the subsidiary and the parent is lower for subsidiaries operating in countries that impose higher capital, reserve, provisioning, and disclosure requirements and tougher restrictions on bank activities. , is the weekly change in distance to default of the subsidiary i in week t; ∆ _ , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. Regressions also include subsidiary fixed effects, . Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively. , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. Regressions also include subsidiary fixed effects, . Each column from 5.1 to 5.14 shows regression results excluding the bank specified in each corresponding column. Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively. 
Variables
, is the weekly change in distance to default of the subsidiary i in week t; ∆ _ , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. Distance to default is computed using the simplified approach outlined in the text in section 3. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. Regressions also include subsidiary fixed effects, . Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively. 
, is the weekly change in distance to default of the subsidiary i in week t; ∆ _ , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. Distance to default is computed using the 'market comparable' approach of Falkenheim and Pennachi (2003) outlined in the text in section 3. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. Regressions also include subsidiary fixed effects, . Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively.
(7.1) (7.2) (7.3) (7.4) (7 , is the weekly change in distance to default of the subsidiary i in week t; ∆ _ , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. are foreign subsidiary characteristics computed as of December 2006. These variables are described in detail in Table 2 . Instead of using continuous variables, this table reports regression results using dummy variables which equal one for those affiliates whose characteristics rank above the median. Regressions also include subsidiary fixed effects, . Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively..
(9.1) (9.2) (9.3) (9.4) (9.5) (9.6) (9.7) (9 , is the weekly change in distance to default of the subsidiary i in week t; ∆ _ , is the weekly change in distance to default of the parent of subsidiary i; ∆ _ and ∆ _ are changes in average distance to defaults of all the publicly traded banks and companies in the host country and parent bank country (excluding the foreign subsidiary and parent banks in question), respectively. ∆ is the change in interest rate spread between Bbb and Aaa rated companies. ∆ is the weekly change in the VIX volatility index. are foreign subsidiary characteristics (size, liquidity, funding structure, capital, etc.) computed as of December, 2006. are subsidiary host country regulations measured as of December, 2006. These variables are described in detail in Table 2 . Regressions also include subsidiary fixed effects, . Standard errors are reported below coefficient estimates in parentheses and are clustered at the host country level. ***, ** and * indicate the 1%, 5%, and 10% level of significance, respectively. 
